We study the ∆-resonance and deep inelastic scattering contributions in the tauneutrino nucleon scattering ν τ + N → τ − + X andν τ + N → τ + + X in the presence of a charged Higgs and a W ′ gauge boson. The new physics effects to the quasielastic process have been discussed in a previous work. The extractions of the atmospheric mixing angle θ 23 rely on the standard model cross sections for ν τ + N → τ − + X in ν τ appearance experiments. Corrections to the cross sections from the charged Higgs and W ′ contributions modify the measured mixing angle. We include form factor effects in the new physics calculations and find the deviations of the mixing angle. If high-energy Long Base Line experiments are designed to measure θ 13 through tau neutrino appearance, the new physics effects to ν τ + N → τ − + X andν τ + N → τ + + X can impact the extraction of this mixing angle. Finally, we investigate the new physics effects on the polarization of the τ ∓ leptons produced in ν τ (ν τ ) nucleon scattering.
Introduction
Neutrino oscillation results have confirmed that neutrinos are massive and lepton flavors are mixed. This opens a window for searching physics beyond the standard model (SM). Beside the standard matter effects, the possibility of having nonstandard neutrino interactions (NSIs) is opened up. Nonstandard neutrino interactions with matter have been extensively discussed [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38] . General bounds on NSI are summarized in Refs. [39, 40, 41] . The NSI impact have been studied on solar neutrinos [42, 43, 44] , atmospheric neutrinos [45, 46, 47, 48] , reactor neutrinos [49, 50] , and neutrino-nucleus scattering [51, 52] .
At low energy, the most general effective NSI Lagrangian reads [25] , if we consider only lepton number conserving operators,
where the different terms are classified according to their Lorentz structure in the following way:
where G F is the Fermi constant, ν α is the neutrino field of flavor α, ℓ α is the corresponding charged lepton field, and f , f ′ are the components of an arbitrary weak doublet. The dimensionless NSI parameters ε's represent the strength of the nonstandard interactions relative to G F and we consider only left-handed neutrinos. This constraint on the neutrino chirality forbids ννf f terms in L S±P and L T . If the nonstandard interactions are supposed to be mediated by a new state with a mass of order M NSI , the effective vertices in Eq. (2) will be suppressed by 1/M 2 NSI in the same way as the standard weak interactions are suppressed by 1/M 2 W . Therefore we expect that
In this work we consider the charged Higgs and W ′ gauge boson contributions to neutrino-nucleon scattering. Such new states arise in many extensions of the standard model and the phenomenology of these states have been widely studied [53] . In this paper we will focus on the ∆-resonance production (∆-RES) and deep inelastic scattering (DIS) in the interactions ν τ + N → τ − + X andν τ + N → τ + + X where N = p, n is a nucleon and X is a possible final state. In the ∆-RES production we discuss the processes with N = n, p and X = ∆ + , ∆ 0 , respectively. In the neutrino oscillation experiments, the neutrino-nucleus interaction in the detection process is assumed to be SM-like. Therefore, the extracted neutrino mixing angles, using the SM cross section, will have errors if there are new physics (NP) effects in the neutrino-nucleus amplitude. The NP effects modify the standard model cross section for ν τ + N → τ − + X and thus impact the extraction of the atmospheric neutrino mixing angle θ 23 in ν τ appearance experiments. If high-energy Long Base Line (LBL) experiments (or atmospheric neutrino experiments scanning in the multiGeV neutrino energy range) could measure θ 13 via ν τ appearance then the NP effects in ν τ + N → τ − + X andν τ + N → τ + + X would impact the θ 13 measurement and a mismatch between this measurement and that performed at the reactors could be a hint of a NSI in the former. The deviation of the actual mixing angle from the measured one, assuming the standard model cross section, will be studied including form factor effects in the ∆-RES case.
In this paper, we make the important assumption that NP effects only arise in the coupling between the new particles and the third generation leptons, neglecting possible (subleasing) NSI effects with the first two generations. With the above assumption we can neglect NSI effects at productions since at production we have neutrino interactions involving the first and second generation leptons, only. Furthermore, the effect on ν τ propagation can come only from neutral current interaction. Multi Higgs models and models with W ′ also generally contain neutral current interactions but the connection between the charged current and neutral current interactions is model dependent. In this paper we are only considering the charged current interactions, and the addition of neutral current interactions would add another model dependent parameter in our calculation. We hope to include in future work also neutral current interactions.
This pattern of NP is common in many NP models [14, 16, 17] . For instance, in multi Higgs doublet models NP effects for the third generation quarks and leptons are enhanced because of their larger masses. For the W ′ model we are assuming a W ′ with non-universal coupling to the generations. This is not an unusual scenario and would avoid constraints from W ′ searches at colliders that look at the decays to W ′ to first and second generation leptons. The reaction ν τ +N → τ − +X is relevant to experiments like Super-Kamiokande (Super-K) [54, 55] and OPERA [56] that seek to measure ν µ → ν τ oscillation by the observation of the τ lepton. The DONuT experiment [57] measured the chargedcurrent (CC) interaction cross section of the tau neutrino. The central-value results show deviation from the standard model predictions by about 40% but with large experimental errors; thus, the measurements are consistent with the standard model predictions. In this work we consider NP effects within a neutrino energy range higher than the threshold energy for the τ production where the ∆-RES and DIS contributions are dominant. Near threshold quasielastic scattering is important. The charged Higgs and W ′ contributions to the quasielastic (QE) scattering ν τ +n → τ − + p andν τ + p → τ + + n were considered in an earlier paper [58] . The hadronic transition in the charged-current (CC) interactions ν τ + N → τ − + X andν τ + N → τ + + X at the partonic level is described by (u, d) → q, where q is a quark. In the ∆-RES case q = u, d, while in the DIS the main contributions are obtained when q = u, d because of the CKM factors. This means that the effective operator of these interactions mainly has the structure O N P =ūΓ i dτ Γ j ν τ , where Γ i,j are some Dirac structures. Therefore, we can constrain the NP parameters in this work using the constraints that have been discussed in the earlier paper [58] through the τ decay modes τ − → π − ν τ and τ − → ρ − ν τ . These decay channels have operator structures similar to the one in the above CC interactions.
In Ref. [58] , we presented a model independent analysis of the NP contributions to the deviations of the mixing angles θ 23 and θ 13 . In the case of θ 23 , the relationship between the ratio of the NP contribution to the SM cross section r 23 = σ N P (ν τ )/σ SM (ν τ ) and the deviation δ 23 of the mixing angle was obtained in a model independent form as
Here, θ 23 = (θ 23 ) SM + δ 23 is the actual atmospheric mixing angle, whereas (θ 23 ) SM is the extracted mixing angle assuming the SM ν τ scattering cross section and δ 23 is the deviation . From figure (1) in Ref. [58] , one can see that δ 23 ∼ −5
• requires r 23 ∼ 5%. Similarly for θ 13 determination, the relationship between r 13 = σ N P (ν τ )/σ SM (ν τ ) and δ 13 is given by
with θ 13 = (θ 13 ) SM + δ 13 . In this case, because of the relative smallness of θ 13 one finds that a larger NP effect is required to produce the deviation. As an example, δ 13 ∼ −1 • requires r 13 ∼ 25%. A possible concern is the NP effects can be washed out after including the neutrino flux and integrating over the possible values of the incoming neutrino energy. We show that this is not the case by by considering examples of the W ′ and charged Higgs contributions to δ 23 using the atmospheric neutrino flux at the SuperKamiokande experiment. The results show that the values and the pattern of the mixing angle deviation δ 23 has no significant change due to considering the neutrino flux.
We study, also, the NP effect on the spin polarization of the produced τ lepton. The produced τ decays to several particles including ν τ and tracing back the τ decay particle distributions indicates the appearance of τ . Because the τ decay distributions depend significantly on its spin polarization [59] , the polarization information is essential to identify the τ production signal. Hence it is important to know how NP affects the τ polarization.
The paper is organized as follows: We give in the next section the kinematical relations and formalism required for τ production in the neutrino-nucleon interaction. In section (3) we present the standard model calculations for the ∆-RES and DIS cross sections. In the following two sections (4, 5) we study the effects of the charged Higgs and W ′ gauge boson contributions to the ∆-RES and DIS scattering processes and the impact on the extracted neutrino mixing angles θ 23 and θ 13 . In section (6) we study the spin polarization of the produced τ ± lepton. In the last section, we present our conclusions.
Kinematics and formalism
In the interactions ν τ (ν τ ) + N → τ − (τ + ) + X, we define the four-momenta of incoming neutrino (k), target nucleon (p) and produced τ lepton (k ′ ) in the laboratory frame. The hadronic invariant mass
where q = k − k ′ is the four-momentum transfer, is defined in the allowed physical region
where s = (k + p) 2 is the center of mass energy and M is the average nucleon mass. The three relevant subprocesses in the neutrino-nucleon interactions are classified according to the regions of the hadronic invariant mass W and the momentum transfer q 2 (= −Q 2 ) [60] . One can label QE (quasi-elastic scattering) when the hadronic invariant mass is equal to the nucleon mass W = M, RES (resonance production) when M +m π < W < W cut , and IS (inelastic scattering) when W cut < W < √ s−m τ .
W cut , taken in the region 1.4 GeV∼1.6 GeV, is an empirical boundary between RES and IS processes, to avoid double counting. The deep inelastic scattering DIS may be labeled within the IS region when Q 2 ≥ 1 GeV 2 , where the use of the parton model can be justified.
In this paper, we consider ∆-resonance state production and neglect all the other higher resonance states which give small contributions [61, 62, 63] . One can write
where the energy and momentum of the lepton and the neutrino in the center of mass (cm) system are
with (m l , M, M ∆ ) being the masses of the charged lepton, nucleon, and the ∆ state, respectively. In the lab frame, the charged lepton energy is given by
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The threshold neutrino energy to create the charged lepton partner in the ∆-RES case is given by
which gives E th ν l = 4.35 GeV in the case of tau neutrino production. Using the allowed range of the invariant mass in the resonance production, the allowed region of the momentum transfer t ≡ −Q 2 lies in the interval
. (12) 3 Standard model cross sections
In this section we consider the standard model cross sections for the ∆-RES and DIS processes. In the following sections we will study the contributions of the new states W ′ and charged Higgs to theses two processes. In Ref. [58] we studied the NP contributions to the QE process.
∆-Resonance production
Neutrino-nucleon scattering produces many possible resonance states, one of which is the ∆-state. We consider here the SM cross section for the two processes which include ν τ andν τ ,
from the Hagiwara model [60] . That will represent the starting point of our original computation of NP effects due to charged Higgs and W ′ . Details of the SM cross section calculations can be found in Ref. [60] . The hadronic tensor is written as
Within the kinematical region of M + m π < W < W cut with W cut = 1.4 GeV, we estimate the total cross section of the ∆ production (∆-RES) process by integrating over E τ and cos θ.
Deep inelastic tau neutrino scattering
In this section, we present the standard model cross sections for the two deep inelastic scattering (DIS) processes which include ν τ andν τ ,
From Hagiwara model, see Ref. [60] for details, the differential cross section can be parametrized as follows, for
where p µ q = ξp µ is the four-momentum of the scattering quark and ξ is its momentum fraction. The coefficients A,B,C,D are defined as
where x is the Bjorken variable and y is the inelasticity and they are related by
The functions W 1,2,3,5 are given in Ref. [60] .
Charged Higgs contribution
We will study the contributions of the charged Higgs to the ∆-RES and DIS interactions. The deviation of the actual mixing angles θ 23 and θ 13 , with NP contributions, from the measured ones, which assumes the SM cross section, will be discussed.
∆-Resonance production
We consider here the charged Higgs contribution to
As considered in the previous paper [58] , we choose the couplings of charged Higgs interactions to the SM fermions to be given by the two Higgs doublet model of type II (2HDM II) [71] 
where u i and d j refer to up and down type quarks, and ν i and l j refer to neutrinos and the corresponding charged leptons. The other parameters are as follows: g = e/ sin θ W is the SM weak coupling constant, V u i d j is the CKM matrix element, and g S,P are the scalar and pseudoscalar couplings of the charged Higgs to fermions. Here, in this work, we assume the couplings g S,P are real and given as
where tan β is the ratio between the two vev's of the two Higgs doublets. From Eq. 19 we can construct the NSI parameters defined in Ref [41] as ε
where the vertex Γ α is expressed as
Applying the equation of motion, one can obtain the hadronic matrix elements for the scalar and pseudoscalar currents
where X α and Y α are 4-vectors and
The hadronic contribution can be written as
We use here the constraints on the NP parameters (M H , tan β) discussed in Ref. [58] to calculate the cross sections. The ratios between the charged Higgs contributions to the two processes ν τ + n → τ
and r
, respectively, can be obtained within the kinematical interval M + m π < W < 1.4 GeV. The hadronic contribution to the matrix element is proportional to q α (= X α ) which varies within the small interval in Eq. 12. Thus, we require relatively large values of the NP parameter tan β to enhance the NP contributions. The ratios r 23 H and r
13
H decrease with increasing the incident neutrino energy and the charged Higgs mass, see Figs. (1, 3) . The deviations δ 23 and δ 13 of the atmospheric and reactor mixing angles, respectively, are negative as there is no interference term with the SM, see Figs. (2, 4) . Hence, the total cross sections for ν τ + n → τ − + ∆ + and ν τ + p → τ + + ∆ 0 are always larger than the SM cross section. This means that, if the actual θ 23 is close to maximal, then experiments should measure θ 23 larger than the maximal value in the presence of a charged Higgs contribution. As an example, we find that δ 23 ≈ −5
• and r
23
H ≈ 6% at E ν = 4 GeV, M H = 200 GeV, and tan β = 60. As θ 13 is a small angle, the deviation δ 13 for similar set of parameters is small. For instance, we find δ 13 ≈ −0.3
• and r 13 H ≈ 6.5% at E ν = 4 GeV, M H = 200 GeV, and tan β = 60.
In Fig. 5 we show the δ 23 result taking into account the atmospheric neutrino flux Φ(E ν ) for Kamioka where the Super-Kamiokande experiment is located [72] . In this case the actual mixing angle θ 23 is given as
where
The atmospheric neutrino flux in Ref. [72] is calculated averaged over all directions in the 3-dimensional scheme. We fixed the neutrino production height [75] at an average height with 99% of accumulated probability for the production height. We integrate over the incoming neutrino energy from the threshold energy to 20 GeV. We find that the effect of the neutrino flux does not significantly modify the results -of order 0.1 degree.
Deep inelastic tau neutrino scattering
The charged Higgs contributions to the matrix elements of the interactions ν τ +N → τ − + X andν τ + N → τ + + X are given by
where q, q ′ = (u i , d j ) and the couplings g The differential cross section is given by
where contributions relative to the SM r
GeV. Thus, the deviations δ 23 and δ 13 of the mixing angles are negligibly small.
W ′ gauge boson contribution
We study here the contributions of the W ′ gauge boson to the ∆-RES and DIS processes. The deviation of the mixing angles θ 23 and θ 13 will be considered. 
∆-Resonance production
We next consider modification to the ∆-RES production in ν τ + n → τ − + ∆ + and ν τ + p → τ + + ∆ 0 in models with a W ′ gauge boson. The lowest dimension effective Lagrangian of W ′ interactions to the SM fermions has the form
where f ′ and f refer to the fermions and g f ′ f L,R are the left and the right handed couplings of the W ′ . We will assume g f ′ f L,R to be real. Constraints on the couplings in Eq. (30) come from the hadronic τ decay channels τ − → π − ν τ and τ − → ρ − ν τ discussed in Ref. [58] , which are consistent with the ones in Ref. [41] . From Eq. 30, the NSI parameters ε ud(L,R) τ τ defined in Ref. [41] are given as ε
The current J µ for the process ν τ + n → τ
where Γ µα is the left-handed vertex, given in Ref. [60] , and Γ 
Using the constraints on the W ′ couplings discussed in Ref. [58] , the ratios of the W ′ contributions to ν τ + n → τ − + ∆ + andν τ + p → τ + + ∆ 0 relative to 11 the SM cross sections r
, respectively, are shown in Figs. (6, 9) . The r 23 W ′ and r
13
W ′ values are mostly positive which, in turn, leads to δ 23 and δ 13 being mostly negative. The variation of δ 23 and δ 13 with the W ′ mass and E ν in the SM-like case, with only left-handed couplings, and for the case where both the LH and RH couplings are present are shown in Figs. (7, 8, 10 ). As a typical example, we find that δ 23 ≈ −14
• at E ν = 4 GeV, M W ′ = 200 GeV, and (g Because of the smallness of θ 13 , the NP effect on the extraction of θ 13 is small. Achieving large δ 13 within the constraints given in Ref. [58] is difficult in this model. As an example, we find that δ 13 ≈ −2
• at E ν = 4 GeV, M W ′ = 200 GeV, and (g 
Deep inelastic tau neutrino scattering
The matrix elements are where the definitions are • [77] . We take into account the atmospheric neutrino flux for Kamioka where the Super-Kamiokande experiment locates [72] .
where A ′ ,B ′ ,C ′ , and D ′ are defined as:
with
The ratios of the W ′ contributions to the SM cross sections r 23 W ′ and r
13
W ′ and the deviations δ 23 and δ 13 are shown within the allowed kinematical range M + m π < W < 1.4 GeV in Figs. (13, 14, 15, 16 ). The r 23 W ′ and r
W ′ values are mostly positive which, in turn, leads to δ 23 and δ 13 being mostly negative, respectively. As some examples, we find that δ 23 ≈ −14
• and δ 13 ≈ −1.5
• at E ν = 17 GeV, M W ′ = 200 GeV, and (g In Fig. 17 , the results show a negligible change to the δ 23 values when considering the atmospheric neutrino flux [72] .
Finally, we note that one could detect the presence of NSI's by comparing the number of observed events to the number of expected events based on the SM. One can calculate the number of events in the SM as N SM ± ∆N SM where ∆N SM is the error in the SM estimation of the number of events. If the number of events estimated in the W ′ model N NSI falls beyond the uncertainty of the SM measurement, then the impact of NSI is large enough to be detectable at neutrino oscillation experiments. The rate of change of the observed electron and muon-neutrino scattering cross sections with respect to the neutrino energy become constant at high energies [73] , i.e. σ ν e/µ (E) = dσ νe,µ /dE const E. Because of the kinematic effects due to the τ -lepton mass, the ν τ cross section can be parametrized as [57] 
where (dσ ντ /dE) const is the energy-independent factor of the cross section, and K gives the part of the tau-neutrino cross section that depends on kinematic effects due to the τ -lepton mass. From the measured muon-neutrino cross section in the PDG [73] , dσ νµ /dE const = (0.51 ± 0.056) × 10 −38 cm 2 /GeV. The average error (0.056 × 10 −38 cm 2 /GeV) of the cross-section includes the systematic, statistical, and normalization uncertainties and has been taken for neutrino energies above 30 GeV, where the DIS contribution is dominant. For instance, the measured muonneutrino scattering cross section at MINOS experiment [74] provides an explicit value dσ νµ /dE const = (0.675 ± 0.012 ± 0.004 ± 0.011) × 10 −38 cm 2 /GeV with the uncertainty types statistical, systematic, and normalization resulting in the total uncertainty 0.018 for the energy range 30-50 GeV (the MINOS results are included in the average value). Since we consider the NP contributions in the tau sector only, we can take the energy-independent factor of the SM tau-neutrino cross section to be given as (dσ ντ /dE) const = dσ νµ /dE const because of the SM universality of the weak interactions. The uncertainty of the number of ν τ events calculated in the SM limit follow from the uncertainty of (dσ ντ /dE) const . The number of tau-neutrino events in the SM is found to be N SM = 30.66 ± 3.37 using the PDG cross section value for the 22.5 kton fiducial volume of the Super-K detector [54] during the 2806 day running period. The atmospheric neutrino flux [75] has been taken for vertically upward going neutrinos (cos θ = −1) where θ is the zenith angle. The distance d traveled by atmospheric neutrinos can be calculated by [75] d
where h is the neutrino production height and R e is the radius of the earth -its surface is assumed to be spherical. In Ref. [75] there is a distribution for the atmospheric neutrino flux at a zenith angle around (cos θ = 1). Since the distribution of the flux over the zenith angle is symmetric at high neutrino energy, see [76] , the flux is the same at cos θ = −1 and 1. We choose to work with cos θ = −1 because the distance d will be maximum, through the diameter of the earth, which in turns enhances the transition probability We take h = 4.5 × 10 4 m for the accumulated probability of 99% for the vertical production height [75] and we integrate over the neutrino energies from 30 − 100 GeV.
Next we calculate the number of events in the W ′ model in the DIS energy region ignoring the QE and ∆-RES contributions. In order to cross-check our calculations Fig. 12 , we show the contour plot for the number of events in the presence of the NSI. We use the χ 2 measure to make the 3σ and 5σ plots where
and σ = 3.37 is the standard deviation. We calculate the contour plots for N N SI = 40.75 and N N SI = 47.48 which are 3σ and 5σ, respectively, away from the SM prediction N SM = 30.66 ± 3.37. In Fig. 12 left panel we assume non-zero value for the left handed coupling and a vanishing right handed coupling g 6 Polarization of the produced τ ± In this section we study the effects of NP on the polarization of the produced τ . The starting point is to construct the spin-density matrix ρ λ,λ ′ , where λ and λ ′ are the helicity of the τ lepton. The spin-density matrix ρ λ,λ ′ is related to the spin dependent differential cross section as • [78] .
where the total cross section σ total = σ1 . The spin-density matrix ρ λ,λ ′ is expressed in terms of the spin dependent matrix element The most general form of the polarization density matrix ρ of a fermion is parametrized as • [77] . We take into account the atmospheric neutrino flux for Kamioka where the Super-Kamiokande experiment locates [72] .
where I is the 2 × 2 identity matrix and P is the polarization vector of the decaying spin-1/2 lepton.
To determine the components (P x , P y , P z ) of the polarization vector we choose the following kinematic variables. The four-momenta of incoming neutrino (k), target nucleon (p) and produced lepton (k ′ ) in the laboratory frame are
We introduce three four-vectors s a µ , a = 1, 2, 3 such that the s a and k ′ l /m l form an orthonormal set of four-vectors as defined in [79] : We choose the three spin four-vectors of the lepton such that
where 
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Finally we define the degree of τ polarization P as P = P 2 x + P 2 y + P 2 z .
The SM results for the polarization components P x , P y , P z can be found in Ref. [60] for the processes QE, ∆-RES and DIS. We calculated these components in the presence of the charged Higgs and W ′ contributions. We computed the degree of τ polarization P with respect to E τ for 0 degree, 5 degrees and 10 degrees scattering angles with the incident neutrino energy at 10 GeV. In the polarization results we found the charged Higgs and W ′ model produce tiny deviations from the SM values.
Conclusion
New physics contributions to the tau-neutrino nucleon scattering were considered in this work. We discussed charged Higgs and W ′ effects to the ∆ resonance production ν τ (ν τ ) + n(p) → τ − (τ + ) + ∆ + (∆ 0 ) and deep inelastic scattering ν τ (ν τ ) + N → τ − (τ + ) + X in the neutrino-nucleon interactions. Considering these effects in the neutrino detection process at neutrino oscillation experiments modify the measured atmospheric and reactor mixing angles θ 23 and θ 13 , respectively. In the resonance production, we included form factor effects in the calculations of the deviations δ 23 and δ 13 of the actual mixing angles from the measured ones. We constrained the parameters of both models from τ − → π − ν τ and τ − → ρ − ν τ decays that is discussed in a previous work. The cross section of the ∆ resonance production was calculated within the kinematical interval M + m π < W < W cut , while the deep inelastic scattering was calculated within the range W cut < W < √ s − m τ with W cut = 1.4
GeV. If high-energy LBL experiments could measure θ 13 via ν τ appearance, the NP effects can impact the θ 13 measurement. As θ 13 is a small angle, large NP parameters are required to produce observable deviations δ 13 . In the case of ∆ resonance production, the charged Higgs contribution was found to be proportional to q 2 which suppressed the NP effect within the allowed kinematical region. The values of the deviations δ 23 and δ 13 were negative as the interference term in the cross section vanishes in the limit of ignoring the neutrino mass and, in turn, the total cross section is always larger than the SM one. The values of δ 23 and δ 13 in the W ′ gauge boson contributions were found to be both positive and negative, but were mostly negative. The δ 23 and δ 13 values decreased in magnitude with increasing incident neutrino energy and the new state masses (M W ′ , M H ).
In the case of deep inelastic scattering, the charged Higgs contribution does not have interference with the SM cross section. With the constraints on the NP parameters, the NP effects were negligible and the deviations δ 23 and δ 13 were very small. The values of deviations were found to be mostly negative in the W ′ model. The δ 23 and δ 13 values increased in magnitude with increasing incident neutrino energy and decreased with increasing M W ′ .
We took into account the flux of incoming atmospheric neutrinos from Kamioka, where the Super-Kamiokande experiment is located, in the calculations of δ 23 when considering the charged Higgs and W ′ contributions. By integrating over the incoming neutrino energy we found that considering the neutrino flux did not change the δ 23 results significantly. We showed the 3σ and 5σ deviation contour plots, using the χ 2 measure and the W ′ NSI model, for the number of events for neutrino energies above 30 GeV where the DIS contribution is dominant Finally, we studied the NP effects on the degree of polarization of the produced τ and found that the deviation of the polarization results in the NP models from the SM values were negligibly small at different scattering angles.
